SUMMARY The families of 424 adult index patients with ventricular septal defect, right ventricular outflow tract obstruction, or combinations of these two abnormalities, were visited and interviewed, and whenever possible the children of index patients were examined clinically.
With the introduction in the last 20 years of increasingly sophisticated methods of investigation and effective surgical treatment for many of the congenital heart malformations there is growing interest in the genetics of these conditions. In particular, the survivors of the early operations are now having children of their own, and may want to know the probability that their children will be similarly affected. We set out to add to the limited data available on the risk of ventricular septal defect, pulmonary valve stenosis, pulmonary infundibular stenosis, and combinations of these lesions, which include tetralogy of Fallot, in the offspring of patients, and we also took the opportunity to gather information on sibs and other relatives.
Pulmonary infundibular stenosis is a narrowing, which may result from hypoplasia or muscular hypertrophy, of the right ventricular outflow tract below the pulmonary valve. Tetralogy of Fallot is a combination of ventricular septal defect, dextroposition of the aorta, and right ventricular outflow tract obstruction usually at both infundibular and valve level. The embryological basis for tetralogy of Fallot may be abnormal rotation of the conus, with malpositioning of its septum (initially the bulbar septum, separating the outflow tracts of the developing ventricles). 1 Several studies of sibs of index patients with *Preliminary results of the study were published in Child AH, Dennis NR. The genetics of congenital heart disease. various congenital heart malformations, including those just mentioned, have been made (table 1) . The methods used in these studies varied: in some information was collected by questionnaire, while in others the families were seen and relatives examined by the investigators. This variation probably accounts for some of the variations in the results quoted. Excluding syndrome associated defects (a minority in most categories) the recurrence risks observed were between 1 and 4% for all congenital heart defects, and around 1/3 to 2/3 of the recurrences were of the same anatomical type as in the index patient. Information on the risk to offspring of patients with congenital heart defects is less extensive and is summarised in table 2. Methods again vary, but the study of Zetterquist7 appears particularly painstaking. The frequency of congenital heart disease in the offspring was very similar to that reported in sibs, and again around 1/3 to 2/3 had anatomically similar defects to the affected parent.
In interpreting the findings of family studies, how Fuhrmann,20 and later using larger numbers, Fraser and Hunter2l argued that defects that occur in close relatives, even though they be different, are likely to have common genetic determinants, and by implication a similar morphogenetic origin. Fraser and Hunter2l collected from published reports 111 pairs of sibs with different congenital heart defects. They indicated an increased occurrence of pulmonary stenosis, transposition of the great vessels, and possibly ventricular septal defect, paired in the other sib with tetralogy of Fallot.
Patterson et at22 have shown in Keeshond dogs that the heart malformations which are common in that breed can be arranged in order of increasing severity, from haemodynamically unimportant absence of the papillary muscle of the conus and minor anomalies of the conus septum, through isolated ventricular septal defect or pulmonary valve We wrote in the first instance to the patient's last recorded general practitioner, explaining the study and asking for family information. If the patient had moved or changed doctors, he or she was traced through the current family doctor via the NHS Central Register at Southport. In only a few cases was it necessary to write directly to the patient without first obtaining the consent of the current general practitioner.
Having contacted the patient we arranged a home visit, at which one of us took the family history, either from the patient or from the parents. If the patient had any children, one of us or a suitably experienced colleague examined each of them (peripheral pulses, precordial palpation, auscultation). Any children with possibly abnormal findings on this home examination were referred (with the agreement of the general practitioner) to a cardiologist. Any report of congenital heart disease in an index patient's sib, parent, nephew, or niece, and all stillbirths and childhood deaths among the sibs and offspring, were documented as fully as possible by obtaining clinical records or the death certificate. No attempt was made to interview or examine relatives other than children, so that these relatives were counted as affected only if a diagnosis had already been made, and then usually only if the interviewee (index patient or his parent) was aware of it.
Initially, 507 index patients were accepted for inclusion in the study. Of these patients, 78 were excluded for various reasons, shown in table 3, leaving 429 (245 males and 184 females), 424 of whom were visited and interviewed. The remaining five, four of whom did not agree to be visited and one who lived too far away, filled in a questionnaire. It was possible to examine 265 of the 308 children. Of the 43 not examined, the parents of 12 children refused (although the general practitioners of six children reported them normal), 11 children were abroad (but believed healthy), two children were too young to be examined, and we were unable for various other reasons to see the remaining 12 children. The children not examined were all said to be well.
The index patients are divided for the purpose of analysis into five categories, and the number in each category is shown in table 4. Category 5, isolated pulmonary infundibular stenosis, contained only four index patients with no affected relatives and is not considered further. Thus the tables and results refer to a total of 305 children, the three children born to category 5 index patients having been excluded.
The index patients who had children are also listed by sex, date of birth, and diagnostic category in the appendix, together with the numbers, date of birth, and sex of offspring, distinguishing which of these also have congenital heart disease.
Results

MATERNAL AGE AND BIRTH ORDER
The maternal age distribution of the index patients is shown in table 5 compared with the population distribution for England and Wales, standardised 1949 . If the category 'three or more previous live births' is subdivided into three, four, and five or more previous births, the observed numbers are less than the expected in each of the subdivisions.
TWINS
Fifteen index patients were twin born. None of the co-twins was affected although two had died soon after birth.
Distribution of the 15 twin pairs according to zygosity and diagnostic group of the affected member is shown in table 7. The diagnosis of zygosity is that given to us by the family except for the three cases indicated where we were able to examine the co-twin. Among the offspring counted as unaffected, four (all female) had died, three at less than 2 days of age and one at 8 months. In addition, and not counted in the total of 305 children, four (three males, one female) were stillborn. Medical records and death or stillbirth certificates gave no indication of congenital heart disease. and 11 females) died in infancy, and nine (six males and three females) died later. In addition, and not counted in the total of 899 sibs, 17 (11 males and six females) were stillborn. Documentation was poor for stillbirths, but the death certificate or medical record was obtained for 14 of the 22 infant deaths and eight of the nine later deaths, and none gave any indication of congenital heart disease.
PARENTS
Of the 840 parents of index patients for whom information was available, four were said to have had congenital heart disease which we were able to confirm from the death certificate or medical records. The lesions in these parents and the index patients to whom they relate are summarised in The number of our index patients who were twin born, 15 of 429, is a little higher than the expected 1 in 40,24 but not significantly so. When corrected for the increased stillbirth and perinatal mortality rate of twins,25 which will lead to their being under represented in any group ascertained after infancy, the raised frequency of twins becomes significant at the 5% level. Only two of the 15 pairs of twins ascertained through an index patient were classed as monozygous, but ten of the 13 'dizygous' pairs, nine of which were so classified on the basis of family history alone, were like sexed, suggesting that some of the 'dizygous' pairs were wrongly classified by their families. An excess of monozygous twins among congenital heart disease index patients has been noted by Campbell,26 Myrianthopoulos,27 and Anderson.28
The proportion of affected offspring with congenital heart disease of all types in the four diagnostic categories together was nine of 305 (2 9 %) or, counting only those children personally examined, nine of 265 (3 4%) . This is comparable with the results of Nora and Nora17 who found four of 111 offspring affected in their pulmonary stenosis series, seven of 174 in ventricular septal defect, and six of 141 in tetralogy of Fallot. These figures also refer to congenital heart disease of all types but most were stated to be of the same type as in the index patient. Although the ascertainment of index patients is not described in detail in their paper, these authors did examine all the children, so that there are probably no major methodological differences between their study and ours.
We are unable to account for the fact that eight of the nine affected children were girls. It may be a chance finding. The probability of finding eight or nine girls or boys in nine affected is 1 in 25 6 . The stillbirths, childhood deaths, and innocent murmurs were equally divided between boys and girls, which does not suggest that these categories contain significant numbers of undiagnosed affected sons.
The frequency of congenital heart disease observed in the sibs and nephews and nieces of the index patients is not significantly different from the prevalence at birth in the general population (0 6 to 0-8 %).2931 The low recurrence risk observed in the sibs (average 0-9%) compared with the offspring is difficult to account for by a genetic explanation and probably reflects incomplete diagnosis in this group, many of whom were born over 30 years ago. The 48 stillborn or dead sibs could harbour enough undiagnosed cases to bring the true risk near to that of the offspring, even though documentation of the cause of death was obtained in approximately two thirds. In addition, some stillbirths and infant deaths may have been unreported to us, especially when family information was obtained from the older index patients themselves rather than from their mothers. The observed infant death rate was 2-4% and the general population rate for England and Wales from the Registrar General's Statistical Reviews32 weighted for the number of index patients born in each year is 3 5 %. This suggests that some dead affected sibs were not reported to us at all rather than that they were reported as dead and unaffected.
The recurrence risks observed in this and other studies are compatible with previous suggestions of multifactorial inheritance for isolated congenital heart defects,33 with a genetic predisposition determined by contributions from several loci. More reliable data on sibs and second and third degree relatives would have been valuable in testing this hypothesis, or perhaps in pointing to a single major gene effect in some families, but owing to the nature of the study which set out to obtain information on children of patients, the diagnostic criteria applied to other groups of relatives could not be as complete as in the children.
Specific gene loci concerned with liability to the varieties of congenital heart disease examined here have not been identified, but this may become possible if a small number of them account for most of the effect. A search for HLA associations in a rather small and heterogeneous series of patients34
showed an increased frequency of the A2 antigen, but this awaits confirmation.
From tables 9, 11, 12, and 13 it can be seen that 23 pairs of affected relatives were detected, of whom six shared the same lesion, while in nine there was a common defect but one of the pair had an extra defect. In this latter group the unshared lesion was always a ventricular septal defect where both had some form of pulmonary stenosis, or else pulmonary valve or infundibular stenosis where both had a ventricular septal defect.
Eight pairs of relatives had apparently dissimilar lesions. These included three pairs where one had a ventricular septal defect and the other pulmonary valve stenosis (two of the diagnoses were clinical). In addition, a father with pulmonary infundibular stenosis and ventricular septal defect had a daughter with a persistent truncus arteriosus, a father with pulmonary valve stenosis and atrial septal defect had a daughter with an atrial septal defect (clinical diagnosis), an uncle with a ventricular septal defect had a niece with a single ventricle, and a man with ventricular septal defect and pulmonary infundibular stenosis had a father with congenital aortic stenosis and a mother with coarctation of the aorta.
Thus, examination of the malformations present in pairs of affected relatives in our study tends to support the suggestion of Fraser and 
